Space Domain Awareness for
Manned GEO Servicing

Major Travis Blake
Program Manager — Tactical Technology Office

Maui, HI
17 September 2010

-

—

)ARPA

Distribution Statement “A” (Approved for Public Release, Distribution Unlimited). DISTAR case 16237.



Report Documentation Page

Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,

including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it

does not display a currently valid OMB control number.

1. REPORT DATE
SEP 2010 2. REPORT TYPE

3. DATES COVERED
00-00-2010 to 00-00-2010

4. TITLE AND SUBTITLE
Space Domain Awar enessfor Manned GEO Servicing

5a. CONTRACT NUMBER

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S)

5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
Defense Advanced Resear ch Projects Agency (DARPA), Tactical
Technology Office,3701 North Fairfax Drive Arlington,VA,22203

8. PERFORMING ORGANIZATION
REPORT NUMBER

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)

10. SPONSOR/MONITOR'S ACRONYM(S)

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT
Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

2010 Advanced Maui Optical and Space Surveillance Technologies Conference, 14-17 Sep, Maui, HI.

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF
ABSTRACT
a REPORT b. ABSTRACT c. THISPAGE Same as
unclassified unclassified unclassified Report (SAR)

18. NUMBER | 19a NAME OF
OF PAGES RESPONSIBLE PERSON

17

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



DHPA TTO Strategic Focus

Reach, regain and retain
the tactical advantage of distance
through awareness, access, adaptability and
affect
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DARPA Thrust Areas

Transforming the future of warfighting by pursuing high-risk, high-payoff tactical technology and
development of rapid, mobile and responsive combat capability for
advanced weapons, platforms and space systems

Advanced Weapon Systems e — >
* Weapons Delivery ‘

* Precision Effects -

* Kinetic / Non-Kinetic Effects

Advanced Platforms
* Unmanned Systems

» X-Planes

* Manned Platforms

Advanced Space Systems _
« Stability &

e Assured Access (
* Resilience \
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TTO Space Portfolio

: SST’\ Horizontal Launch Manned Geo Servicing
w F' $I Power Beam Launch System F6
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PerS|stent Comm for LEO

Indicates a joint NASA effort
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http://www.space.com/news/nasa-jumpstarts-space-technology-program-100827.html
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vicing at Geo
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MANNED SERVICING OF

GEOST;

Rendezvous, Refuel,
Refurbish, Repair, Reposition
(R5)

Repair / extend service life
of high value satellites

Upgrade / modify missions
Create new capabilities /
networks

Provide credible evolution to
autonomous servicing

Defer / avoid new satellite
launch costs

ONARY SATELLITES

Enabling Technologies

.

.

% ¢ Passive mass shielding

-y \
» 7
L . ‘ N Direct satellite manipulation
»

TR

Specialized satellite
manipulation

+— Active magnetic shielding system
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DARPA - MANNED SERVI

N 4

» Generate the technical
information necessar.

to guide DARPA an
NASA investments i _
a4

technologies and
demonstrations for
human and robotic
servicing of spacecraft
in GEO

Enables lifetime
extension of orbital
assets by combined
human and robotic
workforce

» Crewed servicing
vehicles

e Robotic servicers
Enables space "tug"
capability to provide
transportation between
staging platforms and
client satellites

CING AT GEO

* Provides crew

protection from space
b _/environment,
including passive mass
Wshielding and active
# Mmagnetic shielding

system

« Offers technology for
new staging platforms
to support servicing or

ke madifications to
» EXisting platforms; ex:
"= International Space

= Station

» Compliments
advanced concepts
such as earth to GEO
direct insertion, a
lunar staging
platform, or assembly
of large structures in
GEO

* FY 2010 Plans: *FY 2011 Plans:

 Developed study plan and survey existing  Organize and stand up integrated human mission design la
relevant work - JUN 2010 for phase 111 work with multiple NASA Center participation -

« Select conceptual missions to be developed into OCT 2010
point of departure mission studies in next phase Create preliminary development plans for each mission,
of study - SEPT 2010 identifying dependencies of other development activities - N(

2010
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SDA FOR GEO SER

Requires an extensive sensor suite powered by data analysis
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S SPACE SURVEILLENCE TELESCOPE

SST will pr0\1:|de over ?Ln otrder dof magtn Autonomous, rapid uncued search, detection, and tracking of dim
__improvement in search rate and sensitivity, ,
m'lpared to existing Ground-based Electro- - objects ( > 18 MV) in deep space
Optical Deep Space Surveillance GOEDSS ~

3-m|rror d
telescope

mount / 28" T\ [enabled by




;\mA . ] nten3|ty Correlation | magery for -
Imaglng of Geostatlonary Objects
SR (ICI) W
_ Descrlptlon R B e TR e
* Use low-quality (non |mag|ng) apertures to coILect
_ |ntenS|ty measurements at various baSellnes R
. Correlate simultaneous |ntenS|ty ﬁuctuatlons between .
- two or more apertures
e Use phase: retrleval algorithms along Wlth a'pnorl
informatian (i.e. blatk" background) to extract phase

'_ mformatlon from the mutual coherence function and
recreate an lmage in post processrng

: Defense Utl|lty : :
e ngh resolutlon |mag|ng of resident space objects
(RSO) in GEO to:

L Characterlze RSO attributes and capabllltles _
Identlfy operational attributes and nominal behavjor's '
«.Identify and analyze changes in physical attnbutes

. operatlonal behavior or perceived control

e Establish and maintain object identity, ownershlp and
control

-
-

1
-

_Program Status P l-. o

. Study 9 month’ effort Wthh ends ln FY2011

<EY 2010 Plans: - - o g

« Initial. investigation | into ranging requwements for i |nverse
_ poIarlmetnc synthetlc aperture LADAR N

« Ohject radiometry
_«Multi-spectral ICI detector -
* SNR and detector options
» Long baseline expenments
+Fy-2011 Plans: '

» Phase retrieval
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Low cost, but H|gh resolutlon but Lg pt o K it .f F i S
i e AN o igh-resolution image
low-resolution| | extremely expanswe T H e R P g 9
| Needs complex AO . . '1';.; i An array of small (existing)
i U - L [ N 1 synchronized telescopes with

4 | 1 A L, - il
Increasing res-olutlon bﬁ@ ' ' s ' complexfield sensors (CFSS)
objects/ debris |mag 1o} s il o P proyvides data to dramatically
requires building gl é enphange resolution for SSA |

o Hloreover the optical field can pe
tompensated locally at each
- telescope using low-order and |
simple adaptive optics ﬁ

MAIN ACHIEVEMENT:

High- -resolution imaging system providing an image quallty supe or to
that of any of the telescopes in the array withino need to bqu new
systems it

HOW IT WORKS:
Major operational steps:

1. Time-synchronized measurements of complex fields»from each
telescope are sent to aacentral digital processing-unit-(CDPU)

2. All local measurementééere fused into alarge-scale digital complex field

3. Piston-phase differences;%(offsets) between telescopes are compensated Two laser
digitally, a step called phaseﬁiockmg (PL)
beacons to be

4. Finally, a high-resolution imagess computed digitally from the large- imaged/resolved
scale complex-field

ASSUMPTIONS AND LIMITATIONS:
e Object of interest should be isoplanatic
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\DARPA

S SA SPACE SITUATIONAL
AWARENESS DATA FUSION

»Identify anomalies and threat activities

CO Fre | ates d ata tO Fa p | d |y 2 Propose mitigating countermeasures

«Verify the effectiveness of selected responses

Self Reported | Space Reported
| |

Develop and e o iR T3 ... 1o protect
demonstrate command e — commercial space
and control capabilities 2 ' < ‘ —~— based communication

that fuse data... Fuseg_,AnaFans sources




SSA DATA FUSION

h
% ;u N
¢ : , “’.‘ A\ 2 {5'
s FJ 2009 Ac;conﬁpr;shments
D@SC{'*)“O” \ RS . : -Conducted system trades and validated cfitical
*Deve ogand dema@Rpstratesan - components

operatlonal framewand responsiv 8 « Performed analysis bf system parameters and
defense application to‘eql ancgp?he S operational procedures

availability of space-basedkca llmg.“ FY 2010 Plans:
«Timelv detection. collection —_ *Develop algorithms and software required to integrate
y ) ’ 5 disparate information into a single framework

identification and tracking of space -Proposed Joint program with USAF
debris using varied individual metrics
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‘DARPA FUTURE DIRECTION

Complete SST
Demonstration

Begin Ground-based
GEO imaging program

Develop data fusion tools:

*Rapid track and catalogue of
break-ups

*Dynamic sensor tasking/data
analysis

*Non-imaging characterization
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